virus showed the presence of viremia followed by a formation of metastic tumors. The present paper describes the response of Japanese quails to the inoculation of SR-RSV. The quails were found highly susceptible to SR-RSV. Tumors at an early stage of development were demonstrated to contain infectious virus and avian leukosis group-specific complement fixing (CF) antigen, but they became noninfective at a late stage with a concomitant disappearance of CF antigen. The quails became resistant to challenge following primary inoculation of the virus. Several factors for the induction of resistance were investigated and a possible participation of immune reaction was suggested.
MATERIALS AND METHODS
Virus: The SR-RSV was obtained from University Laboratories, Highland Park, New Jersey, U. S. A. (Lot SR-6), and passed once in RIF free chickens. The chicken wingweb tumor was ground in 0.05 M citrate buffer containing hyaluronidase (1 mg/100 ml) to make 20% extract, and clarified by two cycles of centrifugation at 2,000 rpm for 20 minutes. The resulting tumor extract served as a stock virus thoroughout the experiment.
The Bryan high titer strains of RSV (BH-RSV-1 and BH-RSV-2) of subgroup A and B were obtained from Dr. R. Ishizaki, National Institute of Animal Health, and grown in RIF free chick embryo (CE) cells.
The Nakano strain of pigeon pox virus was obtained from Dr. M. Nomura, Nippon Institute for Biological Science. Infected chorioallantoic membranes of chick embryos were employed for the experiment.
Tissue culture : Chick embryo cell cultures were prepared from the RIF free eggs of the strain 813 chickens of Kimber Farms.
Growth medium consisted of Eagle's basal medium, 5% calf serum, 5% tryptose phosphate broth and antibiotics. Nutrient agar consisted of the growth medium containing 0.9% Noble agar (Difco). The cultures of quail embryo (QE) cells were also prepared by the same method as used for CE cell cultures.
Japanese quail: Japanese quails (Coturnix coturnix japonica) specially raised for laboratory use in a closed colony were obtained from the Nippon Institute for Biological Science, Tokyo, at the age of 2 weeks. Most of the quails were used between 2 to 4 weeks of age.
Collection of tumor: Tumors were collected at various stages of development, and their 20% extract was prepared by the same procedure as used for the preparation of stock SR-RSV. This tumor extract was employed for the titration of infectivity , CF antigen and interferon (IF).
Collection of serum: Blood was collected from wingweb vein and serum was separated after placing the clotted blood at 4 C overnight.
Serum was stored at -20 C .
Virus neutralization test: All the sera were inactivated by heating at 56 C for 30 minutes before use. The virus which was diluted to contain 500 to 1,000 FFU per 0.05 ml was mixed with an equal amount of serial two-fold dilutions of the serum. The virus-serum mixture was incubated at 37 C for 40 minutes, and 0.1 ml was inoculated to each of the replicate dishes of CE cell cultures. A reciprocal of the serum dilution which showed 50% reduction in number of foci was taken as an antibody titer. Infectivity titration : Serial two-fold dilutions of the tumor extract were inoculated to replicate dishes of CE cell suspension, and the dishes were overlaid with nutrient agar on the following day. Focus count was conducted 5 to 6 days later. Infectivity titer was expressed as FFU.
Interferon (IF) assay: Serial two-fold dilutions of the sample were inoculated to replicate bottles of QE cell cultures and incubated at 37 C overnight.
Then the cultures were challenged by vesicular stomatitis virus (VSV) and a reciprocal of the dilution which showed 50% reduction in plaque number of VSV expressed the IF titer.
RESULTS

Development of Tumor and Virus Neutralizing Antibodies
As a preliminary experiment for the susceptibility of Japanese quails to SR-RSV, 18 quails were inoculated into the wingweb with 104 FFU of virus, and examined for tumor growth. Serum was collected weekly. Results are summarized in Table 1 . Of the dead quails, 13 died within 25 to 39 days, and one died on the 14th
day.
No metastase of the tumor was observed at autopsy. Most of the tumors were necrotic with large hemorrhagic lesions. By histopathological examination they were diagnosed as fibrosarcoma. Virus neutralizing antibodies appeared 4 weeks after inoculation in most of the quails.
All of the 4 surving quails developed virus neutralizing antibodies in 4 to 7 weeks, while some of the dead quails also developed antibodies.
Response of quails to different doses of virus was then investigated. Five groups of quails were inoculated into the wingweb with different doses of virus and observed for 8 weeks.
As shown in Table 2 , delay in tumor appearance was observed with lower dose of virus. The longest period for tumor appearance was 14 days after inoculation of a minimal dose of virus. With a high dose, most of the quails died within 7 weeks, while with a low dose most of them survived showing tumor regression.
Rate of regression of the tumor by different doses is shown in Fig. 1 . All the quails were tested for neutralizing anti- Selective Sensitivity of Quails to Different Strains of RSV Infectivity titers of different stocks of RSV were obtained as FFU on CE cells and as 50% tumor forming dose in quails . As to the relative sensitivities to the subgroups A and B (Table 3) , quails were as sensitive to subgroup A , but not subgroup B as were CE cells. Quails were also found to be sensitive to our stock SR-RSV.
Virus Content in the Tumors at Various Stages of Development
Tumors were collected at various time intervals after inoculation of 103 FFU of the virus, and their 20% extracts were examined for infectivity and avian leukosis group-specific CF antigen.
Results of two experiments are summarized in Table 4 . Inf ectivity and CF antigen were detected in all tumors collected 1 to 2 weeks after inoculation. At this period, infectivity titers were in a range of 103 to 104 FFU per gram of tumor.
Since most of the tumors weighed approximately 1 to 2 grams from one quail, the inf ectivity titer may roughly represent the total inf ectivity recovered from an individual tumor . CF antigen units were on the level of 2 to 16. In some tumors of 3 weeks, infectivity and CF antigen were not detected . At later stages, almost all the tumors were noninfective with concomitant disappearance of CF antigen .
Serial Passage of Tumor in Quails
Passage of tumor in quails was tried by using an inf ective tumor collected within 2 weeks after inoculation. As can bs seen in Table 5 , tumor was successf my passed through 10 generations in quails. Presence of infectious virus and avian leukosis group-specific CF antigen was also demonstrated in quail tumors after serial passages. Since a successful passage of quail tumor induced by SR-RSV was reported only by a simultaneous inoculation of RIP virus (Shipman and Levine, 1965) , the presence of RIP virus in the passage material was examined by the RIP and COFAL tests after limiting dilution. Thus far, no evidence of participation of RIP virus in tumor passage was obtained.
Resistance to Challenge Induced by Inoculation of Different Doses of Virus
A total of 25 quails were inoculated with serial dilutions of the virus into the right wingweb and observed for tumor formation. Some of the quails inoculated with a high dose died before challenge. Five weeks after the primary inoculation, all surviving quails were challenged by inoculation of 103 FFU of the virus into the left wingweb.
As shown in Table 6 , all the quails which developed tumor by the primary inoculation showed resistance to the challenge, while quails which did not develop tumor by the primary inoculation showed tumor formation following the challenge. Serum was collected at the time of challenge. Virus neutralizing antibody was not detected in any of the sera tested.
Period for Establishment of Resistance to Challenge
Time interval for establishment of the resistance was investigated. Five groups of quails were first inoculated into the right wingweb with 102 FFU of the virus. This dose was employed since most of the quails survived with this dose of the virus as described in the previous paragraph.
Another 5 groups were left as control. At intervals, one group each of the inoculated and of the control quails was challenged by giving 103 FFU of the virus into left winweb.
They were all observed for further 5 weeks. The experiment was repeated 3 times and yielded consistent results. The result of one experiment is shown in days, 7 of 9 inoculated quails completely resisted to challenge and 1 quail showed delayed appearance of tumor of a significantly smaller size than that of control quails following the challenge. From the total numbers of quails which did not develop tumor by challenge and those showed delayed tumor appearance by 1 week or more with significantly smaller sizes than the control quails following challenge, a protection rate was calculated. As can be seen in Table 7 , establishment of the resistant state was noted 10 days after the primary inoculation. Except 2 of the 7 quails of the 28-day challenge group, virus neutralizing antibodies were not detected in any of the quails at the time of challenge. (1) Challenge was conducted 3 weeks after primary inoculation. (2) No. of birds with tumor after challenge/No, of birds challenged.
3) Mean period in days.
(4) Mean size in mm. (5) No. of birds with pocks after challenge/No. of birds challenged.
pigeon pox virus and SR-RSV or BH-RSV-1. Thus, a clearcut resistance to challenge with SR-RSV was only induced by the primary inoculation of SR-RSV.
Effect of inactivation of virus infectivity by UV irradiation or heat on the induction of resistance was also examined.
A stock of SR-RSV (104 FFU/ml) for primary inoculation was inactivated either by irradiation with a 15 W UV germicidal lamp for 5 minutes at a distance of 10 cm, or by heating at 56 C for 30 minutes. Inactivation was confirmed by an inoculation to CE cells. The quails which were primarily inoculated with inactivated virus did not resist the challenge by an infectious SR-RSV 3 weeks later, but a control group of quails inoculated with infectious virus showed a resistance to challenge.
Absence of Interferon (IF) in Tumor Extract and Serum
Possibility of participation of IF in the induction of resistance was investigated. Tumor and serum were collected at intervals and a 20% tumor extract was prepared in 0.05M citrate buffer. They were inactivated by UV irradiation for 5 minutes at a distance of 15 cm before inoculation to QE cells. As shown in Table 9 , no IF activity was demonstrated in any of the samples except 3 tumor extract samples and 1 serum sample which showed low levels of inhibition probably of nonspecific nature . Thus, no evidence of participation of IF was obtained although at the time of sample collection most of the quails were supposed to be resistant .
DISCUSSION
The Japanese quail employed in this experiment is a strain specially raised for laboratory use in a closed colony selected on the basis of uniformity in the size, since an inbred strain of quail is not available at the present time.
The quails responded uniformly to an infection with SR-RSV as demonstrated by the latent period and the rate of tumor development. Dougherty et al (1960) suggested that virus neutralizing antibody had little effect on the growth of tumor in chickens induced by Bryan strain of RSV. In the present experiment, outcome of the disease in the quails varied depending on the virus dose. When a high dose of virus was administered, most of the quails died with progressive tumors, and only a few survived with regressive tumors. With a low dose, most of the tumors regressed completely and the quails survived.
Correlation between the outcome of a disease and the development of virus neutralizing antibody could not be demonstrated.
In chickens, SR-RSV is highly virulent, and most of the chickens usually die of the tumor even with a low dose of virus. Regression of the tumor in chickens inoculated with SR-RSV is a rare event. In this sense, quails seem to be more resistant to the oncogenic effect of SR-RSV than chickens.
Japanese quail embryo cells have been considered to be genetically resistant to viruses of the subgroup B (Vogt, 1967) . However, their susceptibility to RSV(O) as reported by Hanafusa and Hanafusa (1968) suggests that they are not completely identical to the chick embryo cells of the C/B type . The present result also indicated that the quails have the same type of susceptility in vivo as in vitro.
Major population in our stock of SR-RSV seems to be subgroup A and this may explain the successful passage of our stock virus in quails. A failure of serial passage of SR-RSV in quails as reported by Levine (1965, 1966) might be due to a difference in the host range of the stock viruses.
From the present study, mechanism of the noninfective tumor and regression of tumor could not be elucidated. Stenkvist and Ponten (1963) inoculated EngelbrethHolm strain of RSV to chickens and compared lethal progressive tumors and regressive tumors. The regressive tumors were shown to have an increased infiltration of lymphocytes, hemorrhages and necrosis. Most of them were noninfective.
In the chicken tumors induced by Bryan high titer strain of RSV, two types of mechanisms for a noninfective tumor were postulated by Shimizu and Rubin (1964) . In tumors induced by a low dose of virus, a lack of helper virus in the tumor accounted for its noninfectiveness, since this strain of RSV requires helper virus for maturation.
With a tumor induced by a high dose of virus, they suggested that an immunological reaction of the host was involved in the noninfectiveness.
In contrast to Bryan strain, however, SR-RSV is considered to be nondef ective and not to require a helper virus (Hanaf usa and Hanaf usa, 1966) . Therefore, the noninf ective tumor of the quails induced by SR-RSV might be mediated by an immunological reaction of the host as observed in the chicken tumor induced by a high dose of Bryan strain of RSV.
Many tumor viruses are known to induce virus specific transplantation immunity as well as neutralizing antibody.
In mice inoculated with SR-RSV, Rous tumor specific transplantation immunity was demonstrated by Jonsson and Sjogren (1966) . Recently involvement of a cellular immunity in the course of oncogenesis by CarrZilber strain of RSV in chickens was suggested by Radzichovskaja (1967 Radzichovskaja ( , 1968 . Immunological studies with SR-RSV in chickens are limited because of its high virulence, and involvement of cellular immunity or transplantation immunity in its oncogenesis in chickens is still not distinct.
The present results have indicated the possible usefulness of quails in the immunological study of oncogenesis by SR-RSV in avian species. The quails were found to resist a challenge following a primary inoculation of the virus. The resistance was induced specifically by infectious SR-RSV. A partial cross resistance observed between SR-RSV and BH-RSV-1 was not clearly explained since BH-RSV-1 contains RAV-1 as well as RSV which makes the situation more complicated. Successful infection of quails with SR-RSV and subsequent appearance of tumor seemed to be necessary for an induction of resistance but no involvement of virus neutralizing antibody or interferon in the resistance could be demonstrated.
The resistance was found to develop about 10 days after the primary inoculation of 102 FFU of the virus.
Since this dose usually induces primary tumor in 5 to 7 days, the delay in the establishment of resistance may suggest a participation of immunity induced by tumor cells.
